deletions have been reported (Zori et al., 1993 ; Juyal ZNF179, a RING finger protein encoding gene, has et al., 1995a ,b, 1996 Trask et al., 1996) . SMS patients been mapped within the critical deletion region for have a broad range of clinical features including mental Smith-Magenis syndrome (SMS), a disorder charac-retardation, delayed speech and motor development, terized by mental retardation and multiple congenital craniofacial anomalies (brachycephaly, flat midface, anomalies associated with del(17)(p11.2). Here we re-prominent forehead, broad nasal bridge, ear anomaport the cloning of Znf179, the mouse homologue of lies), skeletal anomalies (brachydactyly, short stature), ZNF179, and characterization of its gene structure. behavioral problems, sleep disturbance, and minor peThe 3028-bp cDNA has a 1.9-kb open reading frame that ripheral neuropathy (Chen et al., 1996; Greenberg et contains a RING finger domain at its N-terminus and al., 1991, 1996). It is hypothesized that haploinsuffian alanine-rich and glycine-rich domain at its C-termi-ciency of several contiguous but functionally unrelated nus. Znf179 genomic sequence includes 15 introns and genes contributes to this wide spectrum of phenotypes spans about 10 kb on mouse chromosome 11, which in SMS patients. A number of genes have been mapped maintains conserved synteny with human 17p. North-within this critical region, which spans about 4-6 Mb ern analysis indicates that Znf179 is predominantly in most patients (Chen et al., 1997) To elucidate the possible role of ZNF179 in SMS pheinitially identified from a human genomic library by notype, we report the cloning of mouse Znf179 and low-stringency screening for RING finger encoding characterization of its genomic structure and expresgenes (Matsuda et al., 1996) . A partial cDNA sequence sion in mouse. Furthermore, we show that ZNF179 is flanking the RING finger domain was isolated from not deleted in two SMS patients with smaller deletions. the study (Matsuda et al., 1996) . It maps to human chromosome 17p11.2 and mouse chromosome 11B1.3 (Matsuda et al., 1996) . Recently, it was shown that ZNF179 maps within the Smith-Magenis syndrome (SMS) critical region (Chen et al., 1997) and is deleted bp PCR fragment that contains the human RING finger domain se-SMS is a microdeletion syndrome due to a DNA rear-quence of ZNF179. Hybridization and washing were performed unrangement that results from homologous recombina-der high-stringency conditions. The cDNA inserts were rescued in tion between repeat gene clusters flanking the common vivo with helper phage R408 in pBluescript vector. Nine cDNA clones (pLZ3-1 to pLZ3-9) were obtained. After restriction digestion analydeletion region (Chen et al., 1997) . Although a consissis, three cDNA clones, pLZ3-1, pLZ3-2, and pLZ3-7, were subsetent junction fragment band derived from the homoloquently sequenced by automated DNA sequencing. The Znf179 cDNA gous recombination event is detected in the majority of sequence was constructed by double-strand coverage of these three SMS patients (Chen et al., 1997) The complete nucleotide and deduced amino acid sequence is shown with the potential translation start site designated as nucleotide /1. The Amber stop codon TAG is marked by an asterisk. The RING finger domain is underlined with a solid line. The alanine-and glycine-rich domain is underlined with a dashed line. The putative polyadenylation recognition site located upstream of the polyadenosine is boxed.
INTRODUCTION
common or unique clinical phenotypes. The human RING finger protein gene ZNF179 was To elucidate the possible role of ZNF179 in SMS pheinitially identified from a human genomic library by notype, we report the cloning of mouse Znf179 and low-stringency screening for RING finger encoding characterization of its genomic structure and expresgenes (Matsuda et al., 1996) . A partial cDNA sequence sion in mouse. Furthermore, we show that ZNF179 is flanking the RING finger domain was isolated from not deleted in two SMS patients with smaller deletions. the study (Matsuda et al., 1996) . It maps to human chromosome 17p11.2 and mouse chromosome 11B1.3 (Matsuda et al., 1996) . Recently, it was shown that ZNF179 maps within the Smith-Magenis syndrome (SMS) critical region (Chen et al., 1997) and is deleted in several SMS patients (Kimura et al., 1997) .
MATERIALS AND METHODS
bp PCR fragment that contains the human RING finger domain se-SMS is a microdeletion syndrome due to a DNA rear-quence of ZNF179. Hybridization and washing were performed unrangement that results from homologous recombina-der high-stringency conditions. The cDNA inserts were rescued in tion between repeat gene clusters flanking the common vivo with helper phage R408 in pBluescript vector. Nine cDNA clones (pLZ3-1 to pLZ3-9) were obtained. After restriction digestion analydeletion region (Chen et al., 1997) . Although a consissis, three cDNA clones, pLZ3-1, pLZ3-2, and pLZ3-7, were subsetent junction fragment band derived from the homoloquently sequenced by automated DNA sequencing. The Znf179 cDNA gous recombination event is detected in the majority of sequence was constructed by double-strand coverage of these three SMS patients (Chen et al., 1997) 
FIG. 1.
Sequence of mouse Znf179. The complete nucleotide and deduced amino acid sequence is shown with the potential translation start site designated as nucleotide /1. The Amber stop codon TAG is marked by an asterisk. The RING finger domain is underlined with a solid line. The alanine-and glycine-rich domain is underlined with a dashed line. The putative polyadenylation recognition site located upstream of the polyadenosine is boxed.
ing, two phage clones were identified. Primers designed in the cDNA staining of ribosomal RNA. The probe used for Northern blot analysis was a specific 583-bp fragment at the 3 -end of Znf179 cDNA from were used to sequence the genomic DNA.
2381 to 2964 bp. set used for ZNF179 is as follows: 5-ACCTTTCCCCAAGTTGGA-
RESULTS
GCT-3/5-GAGCTTCATCTTCTCGCCCAGG-3. The condition for the PCR is as follows: denaturing at 94ЊC for 1 min, annealing at (Fig. 1) . However, no Kozak consensus translation initifor FLI (Chen et al., 1995) was labeled with biotin and detected with ation site is found at the first ATG start codon. Although avidin conjugated to fluorescein isothiocyanate (fluoresces green).
Cloning of Mouse Znf179
two downstream methionines at amino acid positions Two labeled probes were combined and diluted in 60% formamide 25 and 43 have the consensus ATGG /4 site, the exact hybridization solution to a final concentration of 30 ng/ml per probe.
translation initiation site for this gene is uncertain. The
Dual hybridization and two-color detection were performed as described by Shaffer et al. (1994) .
RING finger domain with a C3HC4 motif is located at the 5-end of the protein. In addition to the potential (Fig. 2B) . Outside the RING finger domain, Znf179 does not share homology with DNA binding RING finger domain, there is a glycinerich (23/59) and alanine-rich (18/59) region of unknown other known proteins. function at the 3 -end of the protein (Fig. 1) . A putative Genomic Structure of Znf179 polyadenylation recognition site, AATAAA, is located 19 bp upstream from the poly(A) tail.
The full-length mouse cDNA from clone pLZ3-2 was The cDNA matches two EST clones from the NCBI used as a probe to isolate two genomic phage clones, Znf database: a fragment from bp 1619 to 1888 matches 8 and Znf 9, from a mouse 129SvEv genomic library. EST clone MDB0005R from mouse brain, and a frag-Restriction mapping shows that these two clones overment from bp 2799 to 3011 matches EST clone lap. A schematic view of the mouse Znf179 gene struc-MDB0005 from mouse brain. A comparison of the pu-ture is shown in Fig. 3 . The mouse Znf179 gene contative mouse Znf179 to human ZNF179 in a 500-bp tains 15 introns and 16 exons. The entire RING finger region that includes the RING finger domain and cur-domain is encoded by a single exon, exon 4. A summary rently available surrounding sequences shows 83.8% of the exon/intron boundaries is listed in Table 1 . Not nucleotide identity and 84.3% amino acid identity. In all splice donor sites match the 5-GT rule; however, the RING finger domain, amino acid sequences are all splice acceptor sites conform to the 3-AG rule. 97% identical or conserved between mouse and human ( Fig. 2A) . Using PCR and Southern analyses, Znf179 Expression of Znf179 was mapped to several mouse YAC clones that are Northern blot analysis with a 3-end cDNA probe located in the SMS syntenic region (our unpublished from 2381 to 2964 bp of Znf179 showed one predominant data) on chromosome 11. Based on the conserved semessenger RNA band in brain and testis in adult mice quence homology and on its genomic localization in the (Fig. 4) . Although the exact transcriptional initiation mouse SMS syntenic region, we designate this mouse site was not determined, the size of the single RNA band gene Znf179. The RING finger domain of Znf179 is shown in the Northern blot is approximately 3.0 kb. also related to that of human interleukin 2 receptor regulatory protein RPT-1 (Patarca et al., 1988) , hu-FISH Analysis man acid finger protein ZNF173 (Chu et al., 1995) , and human ret-proto-oncogene activating protein RFP A human BAC clone, HBZNF, for ZNF179 was isolated from screening of a human BAC library. Before it was used as a probe for FISH experiments, the BAC clone was confirmed to contain the ZNF179 locus by PCR and direct sequencing experiments. Cell lines from lymphoblasts of two SMS patients HOU142-540 and HOU202-641 (Zori et al., 1993; Juyal et al., 1995a Juyal et al., ,b, 1996 ) with smaller deletions were tested. FISH results show that ZNF179 is present on both chromosomes 17 in cell lines derived from these two SMS individuals, whereas FLI, a control probe that is only one chromosome 17 homologue (Fig. 5) . is very conserved among mouse, rat, and human, sug-
DISCUSSION
gesting that its molecular function is conserved in We have described the cloning and characterization mammalian development. The putative DNA binding of the mouse RING finger protein gene Znf179, the and/or protein-protein interaction RING finger motif homologue of human ZNF179 that maps within the in the protein has led to speculation that Znf179 is a SMS critical region. Znf179 has been physically transcription factor. mapped to mouse chromosome 11 at 32 cM from the In recent years, zinc finger protein genes have been centromere (data not shown), the region syntenic to isolated from various species and in various tissue types. The common zinc finger domain contains pairs human chromosome 17p11.2. The RING finger domain of cysteine and histidine residues and forms a finger-extensively in brain and may indicate that haploinsufficiency of ZNF179 could contribute to neurological ablike DNA binding motif. RING finger proteins are a special type of zinc finger protein with a C3HC4 zinc normalities.
Human chromosome 17p11-p12 has a high gene binding motif (Freemont et al., 1991 (Barlow et al., 1994) , although the natural target sites 1997; Scheurien et al., 1997) and the nonsyndromatic autosomal recessive deafness gene (DFNB3) (Liang et of these proteins are yet to be discovered. Recent experiments have demonstrated that RING finger proteins al., 1997) have been mapped within the Smith-Magenis critical region. Since there do not appear to be participate in many important molecular and developmental events. RAD5 from yeast is involved in DNA repeat gene clusters in the syntenic region of the mouse genome (our unpublished results), construction of a repair (Johnson et al., 1992) ; Xnf-7, whose expression is turned on in Xenopus oocytes, is implicated in early complete physical map and cloning genes in the syntenic region in mouse will certainly help to elucidate embryogenesis (Reddy et al., 1991) . Studies of RFP, which activates the ret proto-oncogene, show that it dosage-sensitive genes involved in these diseases. can bind double-strand DNA and activate transcription (Isomura et al., 1992) . Moreover, mutations of BRCA1 ACKNOWLEDGMENTS lead to predisposition and early onset of breast and ovarian cancers (Hall et al., 1990; Miki et al., 1994;  We thank Yuanhao Li for his help on Northern blot analysis. We Couch and Weber, 1996) . Molecular and genetics stud-thank Drs. Dawna Armstrong and Lorraine Potocki for critical reviews. This work was supported in part by grants for the Baylor ies in mouse have provided additional evidence for the College of Medicine Mental Retardation Research Center (HD24064) involvement of BRCA1 in cell proliferation and differ-and the Texas Children's Hospital General Clinical Research Center entiation (Marquis et al., 1995; Gowen et al., 1996; Ha-(M01RR-00188) . kem et al., 1996) . In addition to the RING finger domain, there is an alanine-and glycine-rich domain lo- there are both larger and smaller deletions observed. 175-182. SMS is considered a contiguous gene syndrome. A num-Chen, K-S., Potocki, L., and Lupski, J. R. (1996) . The Smith-Magenis ber of genes mapped within the deleted region could syndrome [del(17) contribute to the complex phenotype of SMS patients.
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